Chloroplast DNA in higher plants has a constant base composition in the region of 37 to 38% GC (11) suggesting the possibility of conservation of this organellar DNA during evolution. Recently, restriction-enzyme fragmentation experiments have revealed differences in chloroplast DNA not previously apparent (1). These studies demonstrate that while chloroplast DNAs are similar in base composition, they have no fragmentation pattern in common unless they come from closely related species. In the genus of Nicotiana, the chloroplast genes coding for the large subunits of fraction 1 protein (Fl protein) (5, 10) exhibit a high degree of evolutionary stability (6). Only two mutations have survived through the entire life span. This stability is suggested by the isoelectric points of the polypeptides of the large subunits of Fl protein.
Chloroplast DNA in higher plants has a constant base composition in the region of 37 to 38% GC (11) suggesting the possibility of conservation of this organellar DNA during evolution. Recently, restriction-enzyme fragmentation experiments have revealed differences in chloroplast DNA not previously apparent (1). These studies demonstrate that while chloroplast DNAs are similar in base composition, they have no fragmentation pattern in common unless they come from closely related species. In the genus of Nicotiana, the chloroplast genes coding for the large subunits of fraction 1 protein (Fl protein) (5, 10) exhibit a high degree of evolutionary stability (6). Only two mutations have survived through the entire life span. This stability is suggested by the isoelectric points of the polypeptides of the large subunits of Fl protein.
Because isoelectric points measure only the over-all net charge of the polypeptides, more detailed information concerning the amino acid composition and the primary structure of these polypeptides is needed to confirm such conclusions. We have, therefore, undertaken the investigation of the amino acid composition and the tryptic peptide patterns of the large and small subunits of Fl protein from several species of Nicotiana: N. tomentosa, N. tomentosiformis, N. paniculata, and N. knightiana. They have been selected for identical isoelectric points in the polypeptides of their Fl proteins and for morphological similarities.
MATERIALS AND METHODS
Preparations of Fl Protein and Separation of Subunits. Fl proteins from leaves of N. tomentosa, N. tomentosiformis, N. paniculata, and N. knightiana were prepared by a direct crystallization procedure (4). The three-times recrystallized proteins were dissociated in 0.5% SDS and the subunits were separated by Sephadex G-100 column according to the method of Rutner and Lane (17) .
The Hospital for Sick Children, Toronto, Canada Isoelectric Focusing. The crystalline Fl proteins were S-carboxymethylated (12) before applying to a prefocused 4.5% polyacrylamide slab gel containing 1% ampholine (pH 5 to 7) and 8 M urea. After 18 hr of electrofocusing, the slab gel was stained in bromophenol blue. All operations were carried out as described by Kung et al. (12) . The isoelectric points were determined as previously described (9) .
Tryptic Peptide Mapping. After separation, the large and small subunits of Fl proteins were subjected to trypsin digestion. Three mg of lyophilized protein was dissolved in 1 ml of 0.1 N NH4HCO3 (pH 8.0) and digestion with chymotrypsin-free trypsin (Calbiochem) was carried at 30 C for 30 hr. The final enzyme to substrate ratio was 1:50 (13) . After digestion, the sample was lyophilized and spotted on Whatman No. 3MM paper. Paper chromatography was run for 24 hr in 1-butanol-acetic acid-water (4:1:5). The thoroughly dried paper was subsequently electrophoresed in pyridine-acetic acid-water (1:10:289) (pH 3.6) at 3,500 v for 60 min. The chromatographs were dipped through buffered ninhydrin solutions, air-dried, and then placed in a cool oven which was then heated to 70 to 80 to develop the spot (13 The amino acid compositions of the small subunits from N. tomentosa, N. tomentosiformis, N. paniculata, and N. knightiana are also very similar (Table II) . This similarity can be expected from their identical isoelectric points. On the other hand, N. tabacum seems to contain less glycine than the other four species studied here. This difference may be a reflection of the fact that there are two polypeptides in the small subunit of N. tabacum. One of them was originated from N. tomentosiformis, the other from N. sylvestris (6, 10). In the case of N. excelsior, an Australian species, the amino acid composition is notably different in the proline and histidine residues. In contrast to all species listed in Table II , N. excelsior has four polypeptides in the small subunit (Table III) .
Tryptic Peptide Composition of the Subunits. Figure 3 shows the peptide maps representing a typical pattern of the tryptic peptides of the large subunit of Fl proteins from N. knightiana, N. paniculata, N. tomentosa, and N. tomentosiformis. It is quite evident that they exhibit similar over-all patterns. Some peptides are not well resolved (upper left corner) because of tailing. Therefore, they are not included for comparisons. However, all of the major peptides are clearly resolved and highly reproducible from preparation to preparation (Fig. 3, A and B) . When the peptide maps of all four species are compared, they fall into two different patterns. The peptide maps of N. knightiana and N. paniculata are very similar, if not identical (Fig. 3, A and C) . Similarly, no difference can be found between that of N. tomentosa (Fig. 3 D) and N. tomentosiformis (not shown). This is in close agreement with the results of amino acid composition. However, difference between these two groups is apparent. A group of six different peptides (marked a in Fig. 3C) is present in N. paniculata and N. knightiana only, whereas another group of six peptides (marked b in Fig. 3D) (Fig. 4) . This is in good agreement with the argininelysine content of this small subunit (Table III) .
DISCUSSION
The evidence presented here demonstrates that identical isoelectric points of the polypeptides do not necessarily reflect the identity of their primary structure. This is because changes in amino acid composition or sequence without a change in over-all net charge of the polypeptides would not alter the isoelectric point. On the other hand, difference in amino acid composition and peptide map will certainly indicate difference in the primary structure of these polypeptides. N. tomentosa shares similar primary structure of the large subunits with N. tomentosiformis, and N. paniculata shares that with N. knightiana. Based on the difference in primary structure of the large subunits of Fl protein, the four species of Nicotiana fall into two distinct groups. This is clearly reflected in their morphology and cytogenetics.
According to the classification of the genus Nicotiana (7), N. tomentosa and N. tomentosiformis are in the subgenus of tabacum and section of tomentosae whereas N. paniculata and N. knightiana are in the subgenus of rustica and section of paniculatae.
Since the large subunits of Fl protein are coded by chloroplast DNA (5, 10), the difference in their primary structure reflects the structural changes of the chloroplast genes containing the coding information. No information regarding the frequency of chloroplast DNA mutation between these two groups can be estimated from this study. However, the rate of mutation of chloroplast DNA seems to be higher than predicted from the analysis of isoelectric points of the large subunits of Fl proteins.
It has been frequently suggested that the chloroplast genes coding for the large subunit of Fl protein and 70S rRNA are highly conserved during evolution (6, 20) . This conservation may be necessary to maintain their structure within very confined limits and to conserve biological activity. For example, Fl protein (21) catalyzing the important reactions of both photosynthesis and photorespiration. It is composed of eight large and eight small subunits (2). The large subunits contain the catalytic sites (16) whereas the small subunits carry the regulatory sites (10) . It has been suggested that the two subunits may have appeared at different times in evolution, the large subunit being the first to appear as a member of the primordial photosynthetic system (14) . The genes coding for the large subunit were first established and expressed in anaerobic bacteria (15) . As evolution advanced to a level of high complexity, the genes for the large subunits were compartmentalized into the organelle-chloroplast, probably by way of symbiosis (11) . Most, but certainly not all, mutations in the chloroplast DNA coding for the large subunit of Fl protein are probably lethal. Recently, evidence has been presented to suggest the conservation of chloroplast rRNAs, which are known to be coded by chloroplast DNA (11, 20) . Such conservation is probably a necessity because chloroplast mRNA can be recognized only by chloroplast ribosomes (3). The possible mechanism of such specific recognition could be achieved through specific base pairing between chloroplast mRNA and 16S rRNA of the 30S subunit of chloroplast ribosomes as in Escherichia coli (11 (12) bD ta 8imgh and Wilim (18) The interspecific variation in the isoelectric points of the polypeptides of Fl proteins has been successfully applied as a simple genetic marker (10) . However, this application is limited only to the situation where such variation is apparent. In cases where variation does not exist, the present finding offers an alternative. The difference in amino acid composition and peptide map can serve also as a genetic marker (5).
There are 11 to 12 arginine and lysine residues per small subunit (mol. wt. 1.2 x 104) in the Fl protein of N. paniculata. The observed number of tryptic peptides is consistent with the expected number. This may represent a general situation in which there is only a single polypeptide in the small subunit. When there is more than one polypeptide, the observed number of tryptic peptides exceeds that expected from the arginine and lysine and content (Table III) 
